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Abstract We have analysed the combined Greenwich and Solar Optical Observ- 
ing Network (SOON) sunspot group data during the period of 1874-2011 and 
determined variations in the annual numbers (counts) of the small (maximum 
3 ■ area Am < 100 millionth of solar hemisphere, msh), large (100 < Am < 300 

msh), and big (Am > 300 msh) spot groups. We found that the amplitude of 
an even-numbered cycle of the number of large groups is smaller than that of 
its immediately following odd-numbered cycle. This is consistent with the well 
known Gnevyshev and Ohl rule or G-0 rule of solar cycles, generally described 
by using the Zurich sunspot number (Rz)- During cycles 12-21 the G-0 rule 
holds good for the variation in the number of small groups also, but it is violated 
by cycle pair (22, 23) as in the case of Rz- This behavior of the variations in 
i-C ■ the small groups is largely responsible for the anomalous behavior of Rz in cycle 

pair (22, 23). It is also found that the amplitude of an odd- numbered cycle 
of the number of small groups is larger than that of its immediately following 
even-numbered cycle. This can be called as 'reverse G-0 rule'. In the case of the 
number of the big groups, both cycle pairs (12, 13) and (22, 23) violated the 
G-0 rule. In many cycles the positions of the peaks of the small, large, and big 
groups are different and considerably differ with respect to the corresponding 
positions of the Rz peaks. In the case of cycle 23, the corresponding cycles of 
the small and large groups are largely symmetric/less asymmetric (Waldmeier 
effect is weak/absent) with their maxima taking place two years later than that 
of Rz- The corresponding cycle of the big groups is more asymmetric (strong 
Waldmeier effect) with its maximum epoch taking place at the same time as 
that of Rz- 



1. Introduction 

Studies on variations in solar activity are important for understanding the mech- 
anism behind the solar activity and solar cycle, and also for predicting the level of 
activity ( |Hathaway, 20 09; Pctr ovay, 2010[ ). The properties of solar cycle are gen- 
erally described by the Zurich or international sunspot number, Rz — k(l0g+ f), 



Indian Institute of Astrophysics, Bangalorc-560 034, India, 
email: jj@iiap.res.in 



J. JAVARAIAH 



where k is a correction factor for the observer, g is the number of identified 
sunspot groups, and / is the number of individual sunspots. Several other solar 



activity indices well correlate with Rz ( Hathaway and Wilson, 2004 1 . However 



there are noticeable differences in the epochs of the peaks of Rz and other 
activity indices in some solar cycles (e.g., see IRamesh a nd Rohini (2008) and 
references therein). It seems there are also considerable differences between the 
epochs of the maxima of sunspot cycles and the corresponding cyclic varia- 



tions in the sunspot field strength (Pevtsov et ai, 2011). It is believed that 



the area of a sunspot or a sunspot group has a better physical significance 
than Rz because the area is a better measure (proxy) of solar magnetic flux 



than Rz ( Dikpati and Gilman, 2006 ); an area of 130 msh (millionths of solar 
hemisphere; 1 msh ss 3 x 10 6 km 2 ) corresponds approximately to 10 22 Mx 
(maxwell) ( |Wang and Sheeley, 1989| . There exists a high correlation between so- 
lar cycle variations of Rz and sunspot area ( |Hathaway, Wilson, and Reichmann, 2002| | 
|Hathaway and Wilson, 2004[ ). There are some minor but noticeable differences 



in the variations of Rz and sunspot group area. Dikpati, Gilman, and de Toma 
(2008) reported that the well-known Waldmeier effect (inverse relationship be- 
tween the rise time and the amplitude of a cycle) does not exist in the case 
of sunspot area. The epochs of the maxima of some cycles of sunspot number 
and sunspot area are different. For example, in case of cycle 23, the epoch of 
maximum of the sunspot number was in 2000, whereas the maximum of the 
sunspot area was in 2002 ( |Ramesh, 2010| |Javaraiah, 2012[ ) . 

The sunspot cycles are numbered in chronological order from the cycle that 
started from the year 1755, and are known as Waldmeier cycle numbers. Many 



characteristics of sunspot cycles are known (see [Hathaway and Wilson I2004|) 



Usually the time series Rz is used to reveal most of the characteristics of the solar 
cycle. However, Hoyt and Schatten (|1988al fT988b[) devised a number index based 
solely on the number of observed sunspot groups. The group sunspot number, 
Rq, gives a more complete and longer data set than Rz ( |Hathaway, Wilson, and Reichmann, 2002| | 
|Hathaway and Wilson, 2004[ ), but the time series Rq ended in 1995. None of 
the characteristics of the solar cycle is fully understood so far. One of the 
most prominent and fundamental characteristics is the differences in the am- 
plitudes and the lengths of different solar cycles. According to the well-known 
Gnevyshev-Ohl rule ( |Gnevyshev and Ohl, 1948] ) or G-0 rule, the amplitude of 
an odd-numbered cycle is higher than that of the preceding even-numbered 
cycle. However, there are instances of violation of this rule, viz, cycle pairs (4, 
5), (8, 9), and (22, 23). So far no plausible method is available to predict the 
violation of the G-0 rule (except that it may be possible from the epochs of the 
retrograde motion of the Sun about the solar system barycenter, as suggested by 
IJavaraiahl (120051) ). Using the data on sunspot groups during the period 1879- 



2004, Javaraiah, Bertello, and Ulrich (|2005a[) found that the solar equatorial 
rotation rate during an odd-numbered sunspot cycle correlates well with the 
equatorial rotation rate of the preceding even-numbered sunspot cycle, which is 
similar to the G-0 rule in sunspot activity. They also found that the latitudinal 
gradient of solar rotation during an even-numbered cycle correlates well with 
that of the preceding odd-numbered cycles. These results seem to imply that 
the G-0 rule is related to the basic mechanism of solar activity and solar cycle. 
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Typical sizes of sunspots range from 10 to 10 3 msh. Although single sunspots 
are common, the majority of sunspots belong to sunspot groups. Sunspot groups 
are often large and complex. It is generally believed that large sunspot groups 
also live long. In fact, there is a rule of proportionality between the maximum 



area (Am) of a sunspot group and its life time (T) (first noticed by Gnevyshev 



(|1938p and formulated bv I Waldmeier I (| 1 9 5 5 [) : see also |Petrovay and Van Driel-GesztelyiH 
I1997[) : Ajr ~ 10 msh day -1 . However, the relationship between the area and the 
life time of sunspot groups may be exponential rather than linear ( |Javaraiah, 2003a| ).[ 
Properties such as the rotation rate, meridional motion, tilt angle, etc.. of sunspots| 
and sunspot groups depend on their life time and size as well as their age 
fe.q..lWard[ll965lll966l|Howard, Gilman, and Gilman 



119841 |Balthasar, Vazquez, and Wohl[| 



119561 IJavaraiah and Gokhalel 119971 IJavaraiahl 119991 ISivaraman et ail I2007[) ~ 

Studies on these properties of sunspot groups may provide information on the 
subsurface dynamics of the Sun (e.g., IHowardl 119961 IJavaraiah and Gokhalel 
IT9"9"T1 IHireniathl |2"D021 TSivaraman etaiX |2"00"51 2007, 2010). Therefore, the stud- 
ies on the variations in the numbers (counts) of sunspots and sunspot groups 
in different sizes look to be important for understanding the basic mechanism 
of solar activity and solar cycle, and also the relationship between sunspots 
and other activity indices fe.o.. lKilcik et ai\ 120111 [Clette and Lefevrell2012p . In 
the present paper we have analyzed the sunspot group data during the period 
1874-2011 and studied the variations in the annual numbers of sunspot groups 
of different sizes. Particularly we have concentrated on the G-0 rule and the 
Waldmeier effect in the variations of small and large sunspot groups, and their 
implications. 

In the next section we will describe the data and the method of analysis. In 
Section 3 wc will describe the results and in Section 4 we will present conclusions 
and a brief discussion. 



2. Data and Analysis 

Here we have used Greenwich and Solar Optical Observing Network (SOON) 
sunspot group data during the period of May 1874 to May 2011 (taken from 
|http : / / solar science . msf c . n asa . gov/greenweh . shtml). These data include 
the observation time (the Greenwich data contain the date with the fraction 
of a day, in the SOON data the fraction is rounded to 0.5 day), heliographic 
latitude (4>) and longitude (L), central meridian distance (CMD), and corrected 
umbra and whole-spot areas (in msh), etc., of sunspot groups for each day of 
observation. The positions of the groups are geometrical positions of the centers 
of the groups. The Greenwich data (May 1874 to December 1976) have been 
compiled from the majority of the white light photographs which were secured 
at the Royal Greenwich Observatory and at the Royal Observatory, Cape of 
Good Hope. The gaps in their observations were filled with photographs from 
other observatories, including the Kodaikanal Observatory, India. The SOON 
data (January 1977 to May 2011) include measurements made by the United 
States Air Force (USAF) based on sunspot drawings obtained by a network of 
the observatories in Boulder, Hawaii, and so on. David Hathaway scrutinized 
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the Greenwich and SOON data and produced a reliable continuous data series 
from 1874 up to date. In case of SOON data, we increased area by a factor of 
1.4. David Hathaway found this correction was necessary to have a combined 
homogeneous Greenwich and SOON data (see the aforementioned web-site of 
David Hathaway). The combined Greenwich and SOON sunspot group data are 
the largest available, reliable data that include the positions and areas of sunspot 
groups. 

If Ai, A2,...,A n denote the areas (corrected for the foreshortening effect) of 
all the sunspots in a sunspot group observed at times t\, t2,--,t n during the 
life time of the sunspot group T — t n — t\ (days), then the maximum area is 
defined as Am = max(Ai, A2, A n ), where n = 2,3,.... We have used here 
only the sunspot groups which had T > 2 days. On the basis of Am values we 
have classified sunspot groups into three classes as follows: small sunspot groups 
(SSGs: Am < 100 msh), large sunspot groups (LSGs: 100 < A M < 300 msh), 
and big sunspot groups (BSGs: Am > 300 msh). We used the data on only those 
sunspot groups whose birth and death occurred within a disc passage. That is, 
we have not used the sunspot groups whose central meridian distance |CMD| > 
75° in any day of their respective life times. This reduces the foreshortening 
effect and helps to obtain the maximum area of a sunspot group unambiguously 
Each appearance of a recurrent group is treated as an independent group. Thus, 
T < 12 days. We determined the numbers (counts) NSGs, NLGs, and NBGs of 
SSGs, LSGs and BSGs, respectively, for each year during the period 1874-2011. 

3. Results 

Figure 1 shows the variations in the annual NSGs, NLGs, and NBGs dur- 
ing the period 1874-2011. In the same figure we have also shown the vari- 
ation of annual i?z taken from the website, ftp://ftp.ngdc.noaa.gov/STP 
/ S0LARJ3ATA/ SUNSPOTJfUMBERS/ INTERNATIONAL/ yearly/YEAR . PLT) . As can be 
seen in this figure, each of these parameters shows the 11-year period solar cycle 
variation. Further, there is an indication that as the size of the group decreases its 
counts increase. That is, in most of the time the curve of NLGs is above the curve 
of NBGs and the curve of NSGs is above that of NLGs. This is consistent with the 
well-known result that the smallest regions dominate the global flux emergence 
rate (jZirinl H~987p . At the epoch of the maximum of cycle 21 the NSGs is largest, 
i.e., there the NSGs is larger than even the NSGs is at the epoch of the maximum 
of the largest solar cycle, 19. Recently, IKilcik et al.\ (|201ip analyzed the Rome 
Observatory sunspot group data for solar cycles 20 and 21 and Learmonth Solar 
Observatory data for cycles 22 and 23. By using the Zurich classification of the 
sunspot groups, these authors found that in cycle 23 the number of large sunspot 
groups is higher when compared to those for cycle 22. A similar tendency can 
be seen in Figure 1, i.e., the peak in NLGs of cycle 22 is smaller than the 
corresponding peak of cycle 23 (the peak in NBGs of cycle 22 is only slightly 
larger than that of cycle 23). Hence, the aforementioned result that was found 
by IKilcik et a/.l(|2011[) is confirmed here. In fact, in this figure one can see that 
the amplitude of an even-numbered cycle seen in NLGs is smaller than that of 
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its immediately following odd-numbered cycle. This relationship of even- and 
odd-numbered cycles is consistent with the well-known G-0 rule of modulation 
in the amplitudes of solar cycles. In the case of Rz cycle pair (22, 23) violated 
this rule, but in the case of NLGs cycle pair (22, 23) satisfied it. The behavior 
of NSGs is similar to the behavior of Rz- However, in the case of the former we 
can see another striking systematic behavior that did not exist in the case of 
the latter. That is, the amplitude of an odd numbered cycle in NSGs is larger 
than that of its immediately following even-numbered cycle, a behavior that is 
opposite to the G-0 rule. This 'reverse G-0 rule' indicates that in the case of 
NSGs the amplitude of the current cycle 24 will be smaller than the previous 
cycle 23. In the case of NBGs the G-0 rule is violated by both cycle pairs (12, 
13) and (22, 23) [the amplitude of cycle 22 is only slightly larger (almost equal) 
than that of cycle 23], but this is not reflected in Rz because in a given time 
interval NBGs is considerably smaller than NSGs (Rz gives an equal weight 
to all sunspots and to all sunspot groups (e.g.. IClette and Lefevrcl [2012[) L The 
same is true in the case of NLGs during cycles 22 and 23, where Rz violated 
the G-0 rule and NLGs satisfied it. The 'reveres G-0 rule' does not exist in the 
amplitude modulations of NLGs and NBGs cycles. However, because of possibly 
insufficient size of data, it may be cautioned that all the results above are only 
suggestive rather than compelling. 

In Figures 2, 3, and 4 we have compared the variations in the annual NSGs, 
NLGs, and NBGs, respectively, in different solar cycles. Table 1 shows the po- 
sitions of the peaks of NSGs, NLGs, and NBGs with respect to the positions 
of the corresponding Rz peaks of cycles 12-23, obtained from Figures 2-4. 
In this table it can be seen that in many cycles the positions of the peaks of 
NSGs, NLGs, and NBGs are different and they also considerably deviate from 
the corresponding positions of the Rz peaks. In the case of the largest solar 
cycle 19, the positions of the peaks of all the three classes of the sunspot groups 
are the same, i.e., they occurred at one year later than the peak of Rz (a similar 
behavior is also seen in the amounts (annual rates) of the growth and decay of 
sunspot groups ([javaraiah] !2012p L A negative value of the position of the peak 
of a given class of groups implies that the 11-year cycle of this class of groups 
is more asymmetric (strong Waldmeier effect) than the corresponding cycle of 
Rz- In the case of cycle 23, the corresponding cycles in NSGs and NLGs were 
largely symmetric (or less asymmetric), namely the Waldmeier effect was weak 
or absent, and the corresponding cycle in NBGs was more asymmetric (strong 
Waldmeier effect). The extended declining phase (i.e., beyond the length of 
a normal cycle) of this long cycle 23 included only small sunspot groups. The 
occurrence of big groups stopped much earlier, in 2004. lKTlcik et aflpOlip found 
that the numbers of small and large sunspot groups show similar time variations 
during cycle 22, and cycles 20, 21, and 23 show different behavior. Namely, the 
peak of NSGs was during the first maximum of Rz and that NLGS was at the 
second maximum of Rz- In Table 1 it can be seen that this result is applicable 
only to cycle 21. It may be suggested that small sunspot groups substantially 
contributed to the second peak in Rz of cycle 23. Thus, the aforementioned 
result in lKilcik et qLI(|2011[) is not confirmed in the present analysis. 



javaraiah_msrv3.tex; 15/08/2012; 0:53; p. 5 



J. JAVARAIAH 



1 r 




1880 1900 1920 1940 1960 1980 2000 

YEAR 

Figure 1 . Variations in the annual numbers of the small (green curve) , large (black curve) , and 
big spot groups (red curve), divided by 3, 2, and 1 respectively, during the period 1874-2011 
(Note: the data in 1874 and 2011 are incomplete). The open circles connected by the dotted 
lines represents the values of R% divided by 2. The horizontal lines represent the respective 
mean values. Near the maximum of each cycle the corresponding Waldmeier cycle number is 
indicated. 



Figure 5 shows the cycle-to-cycle variations in the annual NSGs, NLGs, and 
NBGs averaged over each cycle. In the same figure we have also shown the cycle- 
to-cycle variation in the amplitude (Rm, the largest value of smoothed monthly 
mean sunspot numbers in each cycle). The values of Rm are taken from the web- 
site, |f tp : //ftp . ngdc . noaa . gov/S TP/S0LAR_DATA/SUNSP0T JJUMBERS} As can be 
seen in this figure, the patterns of the long-term variations in the average an- 
nual NSGs, NLGs, and NBGs are similar to that of i?z- The long-term trend 
indicates that these quantities, particularly NSGs, continue to decline for a 
few more cycles. It may be suggested that the long-term variation shows the 
largest amplitude in the case of NSGs and its period is also long (180 years) 
in this case. The NBGs seems to have a 90-year cycle with minimum at cy- 
cle 16 and the maxima at cycles 12 and 19. There was a downward trend in 
NSGs from cycle 21. This indicates that NSGs would be small in cycle 24 
and even in cycle 25. Since in any cycle (or its sub-interval) the SSGs are 
majority, we can suggest that the amplitude of cycle 24 in R% will be smaller 
than that of cycle 23. This is consistent with a low amplitude predicted for 
cycle 24 ( |Javaraiah, 200 8; Ramcsh and Bhagya Laksl mn, 2012[ ). 
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Figure 2. The annual number of small spot groups (NSGs) versus the year from the maximum 
epoch of the solar cycle. The blue and red colors are used for even- and odd-numbered cycles, 
respectively. (For the sake of clarity black color is used for cycle 11.). Different symbols are 
used for different cycles (numbers are given in the parentheses): asterisks (11), pluses (12 and 
13), open-circles (14 and 15), crosses (16 and 17), diamonds (18 and 19), triangles (20 and 
21), and squares (22 and 23). The filled circles connected by the solid lines represent the mean 
solar cycle variation determined from the values of annual numbers. The error bars represent 
the standard error (standard deviation is divided by the square-root of the number of data 
points minus one). There is only one data point at years -6 (beginning of cycle 14), 8 (end of 
cycle 23) and 9-11 (first three years of cycle 24). 

4. Conclusions and Discussion 

From the above analyses of a large data set on sunspot groups the following 
conclusions can be drawn: 

1. The amplitude of an even-numbered cycle of NLGs is smaller than that of 
its immediately following odd-numbered cycle. This is consistent with the 
well-known G-0 rule of solar cycles. Obviously, the amplitude of cycle 22 of 
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Figure 3. The same as Figure 2 but for the number of large sunspot groups (NLGs). 

NLGs is smaller than that of cycle 23. This is in line with the conclusion 
drawn by IKilcik et al] POTT]) . 

2. NSGs also satisfies the even-odd cycle rule, but cycle pair (22, 23) violated 
the G-0 rule, i.e., in this cycle pair the behavior of NSGs is similar to that of 
Rz- It is also found that the amplitude of an odd-numbered cycle of NSGs is 
larger than that of its immediately following even-numbered cycle. This can 
be called as a 'reverse G-0 rule'. 

3. In the case of NBGs, cycle pairs (12, 13) and (22, 23) show similar behavior, 
i.e., both violated the even-odd cycle rule. The violation of the G-0 rule in 
NBGs is not reflected in Rz because contributions from NBGs to Rz arc 
relatively small. 

4. In many cycles the positions of the peaks of NSGs, NLGs, and NBGs are 
different, and they also deviate considerably from the corresponding peak 
positions of Rz- In the case of cycle 23, the maxima of NSGs and NLGs 
are at 2002, whereas the maximum of NBGs is at 2000, i.e., at the same 
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Figure 4. The same as Figure 2 but for the number of big sunspot groups (NBGs). 



epoch of the maximum of Rz- The corresponding cycles in NSGs and NLGs 
are largely symmetric or less asymmetric (the Waldmeier effect is weak or 
absent), and the corresponding cycle in NBGs is more asymmetric (strong 
Waldmeier effect). 

5. The amplitude of the long-term variation is large in the case of NSGs, and its 
period (w 1 80 years) is also long in this case. An approximate 90-year cycle 
is seen in NBGs. The long-term trend in the number of small groups implies 
that the current cycle 24 is weak. 

The studies of rotation rates of sunspot groups of different life times and sizes 
indicated that the magnetic structures of small and large/big groups anchor 
near the surface (near O.95i?0, here Rq is the radius of the Sun) and relatively 
deeper layers (even reach near to the base of the convection zone) of the Sun's 
convection zone, respectively ([Javaraiah and Gokhalel 119971 IHiremathl 120021 
ISivaraman et ail 120031 2004) . Such a study also suggested that small sunspot 
groups may be the fragmented or the branched parts of the large/big sunspot 
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Table 1. Positions of the peaks of NSGs, NLGs, and NBGs 
from the corresponding epochs (1m) °f t ne maxima of solar 
cycles 12 — 23, as can be seen in Figures 2, 3 and 4. 



Cycle Ym The peak positions (in year) of 

NSGs NLGs NBGs 



12 


(1878 - 


1888) 


1883 


+ 1 


+ 1 


-2 


13 


(1889 - 


1900) 


1894 


-1 


-1 


-2 


11 


(1901 - 


1912) 


1907 


-2 (flat) 


-1 


-3 


15 


(1913 - 


1922) 


1917 


-1/0 








16 


(1923 - 


1932) 


1928 


-1/0 


-2 


-2 


17 


(1933 - 


1943) 


1937 


0/ + 1 








18 


(1944 - 


1953) 


1947 








-1 


19 


(1954 - 


1963) 


1957 


+1/ + 2 


+ 1 


+ 1 


20 


(1964 - 


1975) 


1968 


-1 





-1/0 


21 


(1976 - 


1985) 


1979 





+1 


+2 


22 


(1986 - 


1995) 


1989 


+2 


+1 


+ 1 


23 


(1996 - 


2008) 


2000 


+2 


+2 






groups flJavaraiah, 2003a| . In other words, large/big sunspot groups may be the 
products of a deep dynamo mechanism, whereas small sunspot groups may be 
the product of a surface dynamo mechanism. Thus, our conclusions 1 and 2 
above imply that the G-0 rule represents a deep rooted global property of the 
solar cycle. Because of their large numbers the small sunspot groups mainly 
contributed to the behavior of cycle pair (22, 23) to violate the G-0 rule. That 
is, the violation of the G-0 rule in Rz may be largely related to the surface 
(local) dynamo, for which convection and meridional flows may have major roles 
(cancellation of magnetic flux). The 'reverse G-0 rule' found in the variation of 
the number of small groups (conclusion 2 above) is also related to the surface 
(local) dynamo mechanism. 

The existence of approximate 90-year and 180-year periodicities has been 
known in sunspot activity. In the present analysis they are seen (visualized) in 
the variations of the numbers of large/big sunspot groups and of small sunspot 
groups, respectively (conclusion 5 above), suggesting that the former and latter 
are related to the dynamics of the deeper and the near-surface layers, respec- 
tively. 

A 'reverse G-0 rule' ( Javaraiah, Bertello, and Ulrich, 2005a I and a 90-year 
periodicity flJavaraiah, 200 3b Javaraiah, Bcrtcl lo7and Ulrich, 2005b"] ) were also 
found in the latitude gradient of solar rotation determined from the sunspot 
group data. Conclusions 2 and 5 above indicate that rotations of small and big 
sunspot groups largely contribute to the reverse G-0 rule and the 90-year peri- 
odicity of the latitude gradient, respectively. Conclusion 2 above also indicates 
that in terms of the number of SSGs the amplitude of the current cycle 24 will 
be smaller than that of the previous cycle 23. 
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Figure 5. Cycle-to-cycle variation in the annual numbers of small (green curve), large (black 
curve), and big (red curve) sunspot groups averaged over each cycle. The blue curve represents 
the corresponding mean of all these three classes. The open circles connected by the dotted lines 
represent the variation in -Rm/2 (Rm represents the maximum amplitude of a cycle, i.e., the 
largest value of smoothed monthly mean sunspot numbers which are taken from the website, 
ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SUNSPQT_NUMBERS). The horizontal lines represent 
the respective mean values. 



The maximum in Rz of solar cycle is not smooth sometimes. Two or more 
peaks can be identified during the solar maxima and are called Gnevyshev 
peaks, because this splitting of activity was identified for the first time by 
Gnevyshev (|f 9671 IT577p . The time interval between these peaks, where the level 
of activity is relatively low, is known as the Gnevyshev gap (see the review 
by IStorinil I2003p . |Gopalswamy et al\ (|2003p found that during cycle 23 the 
occurrence rate of coronal mass ejections (CMEs) peaked two years after the 
maximum epoch (2000) of this cycle. Ide Toma et al.\ (|2U04|) reported that not 
only Rz but also all other activity indices, including facular area, F10.7 flux, etc., 
show a double peak structure near the maximum of solar cycle 23, and these have 
the highest peak in the year 2002. Ramesh (|2010p showed that the occurrence 
peak of CMEs is close to the peak of the sunspot group area. More powerful flares 
seem to occur after the maximum epoch of Rz and the maximum of the annual 
number of X-class flares took place close to 2002 ( |Tan, 20TTj ) . IJavaraia"hl (|2012p 
found that the amounts (annual rates) of growth and decay of magnetic flux in 
sunspot groups in a given time interval (year) correlate well with the amount of 
magnetic flux available in that interval. Hence, they have claimed that the solar 
cycle variation in the decay of sunspot groups has a substantial contribution to 
the solar cycle variations in the solar energetic phenomena and the total solar 
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irradiance (TSI). IKilcik et al.\ (|201ip suggested that the excess of large sunspot 
groups during the declining phase of cycle 23 is responsible for the occurrence 
rate of CMEs and other activity indices to reach their maxima in the year 2002. 
Our results (conclusion 2 above) indicate that there is a considerable contribution 
from the small sunspot groups concerning the two-year delay in the maximum 
of CME occurrence rate and other activity indices/energetic phenomena. That 
is, as suggested in IJava raiah (2012), TSI and solar energetic phenomena such as 
flares and CMEs seem to be largely related to the more evolved flux of sunspot 
groups. 
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